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Structured abstract and key words 
Abstract 
Objectives 
As the population ages, more people will be wearing presbyopic vision corrections when 
driving. However, little is known about the impact of these vision corrections on driving 
performance. This study aimed to determine the subjective driving difficulties experienced 
when wearing a range of common presbyopic contact lens and spectacle corrections. 
Methods 
A questionnaire was developed and piloted that included a series of items regarding 
difficulties experienced while driving under day and night-time conditions (rated on 5 and 7 
point Likert scales). Participants included 255 presbyopic patients recruited through local 
optometry practices. Participants were categorized into five age-matched groups; including 
those wearing no vision correction for driving (n=50), bifocal spectacles (n=54), progressive 
spectacles (n=50), monovision contact lenses (n=53) and multifocal contact lenses (n=48). 
Results 
Overall, ratings of satisfaction during daytime driving were relatively high for all correction 
types. However, multifocal contact lens wearers were significantly less satisfied with aspects 
of their vision during night-time driving than daytime driving, particularly with disturbances 
from glare and haloes. Progressive spectacle wearers noticed more distortion of peripheral 
vision, while bifocal spectacle wearers reported more difficulties with tasks requiring changes 
of focus and those who wore no optical correction for driving reported problems with 
intermediate and near tasks. Overall satisfaction was significantly higher for progressive 
spectacles than bifocal spectacles for driving. 
 Conclusions 
Subjective visual experiences of different presbyopic vision corrections when driving vary 
depending on the vision tasks and lighting level. Eye-care practitioners should be aware of 
the driving-related difficulties experienced with each vision correction type and the need to 
select corrective types that match the driving needs of their patients.  
Key words:  
Driving, Progressive addition lenses, Bifocal spectacles, Monovision contact lenses,  
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Multifocal contact lenses. 
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Text 
Introduction 
The elderly represent the fastest growing segment of the population compared to 
other age groups,1 and this is reflected in the growing numbers of older drivers. This has 
implications for road safety, as older drivers have a high crash involvement compared with 
other age groups when distance travelled is taken into account.2 The factors contributing to 
this age-related trend include decreased sensory, cognitive and motor skill performance.3 Of 
these, vision is considered to be the most important for driving, as 90% of the sensory input 
for driving is believed to be visual.4 Along with decreases in visual functions, such as visual 
acuity5 and contrast sensitivity,1 accommodative ability6 also decreases with age so that older 
adults need to wear optical corrections such as spectacles or contact lenses to enable them 
to see clearly at both far and near distances. While corrective spectacles or contact lenses for 
presbyopia improve visual performance, they can also disturb aspects of visual function under 
certain circumstances. The impact of these changes on activities of daily living such as driving 
are, however, poorly understood.  
The most common types of correction for presbyopia include single vision, bifocal, 
trifocal and progressive addition spectacle lenses (PALs), and monovision and multifocal 
contact lenses. All of these vision correction options have some limitations. Bifocal spectacle 
wearers often experience prism jump across the line between the reading and distance 
segment, causing apparent displacement of objects,7 that can make negotiating stairs 
difficult.8 Bifocal, trifocal and PAL wearers have been found to be twice as likely to experience 
a fall as single vision lens wearers.9 Progressive addition spectacles are the most commonly 
dispensed spectacle lens for presbyopia.10, 11 However, PALs have been reported to cause 
peripheral blur due to the gradual power progression across the centre of the lens.12 Thus, 
PAL wearers need to be aware of how to coordinate eye and head movements to ensure that 
they are looking through the most appropriate area of the lens to avoid distorted vision.13 
Visual disturbances may be greater in situations where a wider field of view is required, and 
this usually necessitates more eye and head movements to ensure that the eye is viewing 
through the restricted area of clear vision.14 In addition, longer eye and head movement 
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durations to reach the fixation target when reading have been reported for PALs compared to 
single vision lenses.15  
As a contact lens correction option for presbyopia, monovision has been widely 
prescribed because of its ease of fitting.16 However, visual performance has been found to be 
comprised with monovision. McGill and Erickson17 found mean reduction in stereoacuity of 
41.5 sec arc compared to spectacles and anther study found that mean stereoacuity with 
monovision was 384 sec arc while the baseline spectacle wearers showed 40 sec arc on 
average.18 In addition, distance visual acuity under low light illumination has been found to be 
significantly poorer with monovision correction than for matched spectacles, and near visual 
acuity loss under low illumination was significantly worse by 0.8 logMAR (p<0.05).19 Contrast 
sensitivity at high spatial frequencies was also reduced for monovision compared to spectacle 
correction.20 Problems with glare and haloes surrounding bright targets have also been 
reported while driving at dusk or night.21-23 The multifocal contact lens combines two or more 
different refractive powers within the entrance pupil to simultaneously provide distance, 
intermediate and near vision. However, the quality of the in-focus image is reduced due to 
overlapping out-of-focus images at the retina,24 resulting in reduced contrast sensitivity25 and 
visual acuity.26 Stereoacuity has also been shown to be reduced when wearing multifocal 
contact lenses compared to spectacles,26 although it is slightly better than with monovision 
correction.27     
While there are many sophisticated spectacle and contact lens options for presbyopes, none 
offer the range and quality of vision achieved by a young eye with active accommodation.11, 28 
This can lead to impaired visual performance in a range of circumstances including driving. It 
is therefore important to understand which aspects of driving are affected and to what extent 
driving performance is impaired when wearing presbyopic vision corrections. The aim of this 
study was to document the potential difficulties of persons wearing presbyopic spectacles 
(PALs and bifocal spectacles) and contact lenses (monovision contact lenses and 
bifocal/multifocal contact lenses) while driving. This was undertaken by surveying current 
presbyopic drivers on their driving habits, optical corrections and subjective visual difficulties 
experienced with different kinds of presbyopic corrections under day and night-time conditions.  
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Methods 
Design and development of questionnaire 
A questionnaire was developed to document the driving difficulties and satisfaction 
levels of individuals wearing presbyopic spectacles and contact lenses while driving. This was 
necessary as currently available visual function questionnaires29 contain only one or two 
questions related to driving and these do not relate specifically to whether a presbyopic 
correction is worn. The questionnaire was based on a literature review related to the visual 
problems experienced when wearing presbyopic corrections, with particular emphasis on 
those issues related to the driving task. Potential vision problems associated with wearing 
presbyopic corrections include: 
1. Compromised distance, intermediate and near vision.26, 30 
2. Compromised peripheral vision.13 
3. Difficulty with depth perception and motion perception.9, 17 
4. Difficulty in changing focus from far to near and vice versa.7 
5. Disturbance at night from glare and haloes.21-23  
The likely effects of extremely poor function in each of these areas were extrapolated 
out to the kinds of difficulties which may be encountered during driving. A total of 5 possible 
areas of difficulty during driving related to presbyopic vision corrections during driving were 
identified. The questions were then examined for face and content validity by the authors. The 
wording and number of questions was refined and a pilot questionnaire was developed. In 
order to capture possible effects of presbyopic corrections on driving which were not included 
in the specific questions, a space was included for free comments where respondents were 
invited to write about other driving difficulties which were not addressed specifically by the 
questions. The space could also be used to clarify responses. To further assess validity (face 
and content), the questionnaires were distributed for comment to 20 presbyopic drivers. Any 
comments that were written in the free space were analysed as potential gaps in the content 
of the questionnaire. Questions were constructed around the free comments. Questions 
which were redundant were discarded. The questionnaire was divided into three sections; 
Section A - demographic information. This section includes age, gender, driving experience, 
driving distance per week, percentage of driving during day and ocular history. However, we 
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did not include a question about the date of prescription of their vision correction for driving as 
we found that in the pilot questionnaire, hardly any of the respondents remembered the exact 
date of their eye examination and prescription. Therefore this data would have been 
unreliable.  Section B – the type of vision corrections worn for driving. This section is to ask 
which types of vision correction are usually worn and the usual vision correction worn for 
driving. Section C - 17 questions regarding satisfaction with vision correction for driving. In 
section C, each question was presented for both day and night driving conditions. Seven-
point and five-point Likert scales were provided for the responses depending on the item. The 
final questionnaire is presented in Appendix A. 
 
Participants and recruitment 
Participants were recruited through the School of Optometry Clinic at QUT and 
several private optometry practices in Australia. Inclusion criteria included (1) no ocular 
pathology such as cataracts, glaucoma and age-related maculopathy which might influence 
driving performance,3 (2) holding a valid driver’s licence and (3) aged 45 to 70 years. The 
lower age limit was selected based on the mean onset of presbyopia in Australia.31 The 
higher age limit of 70 years old was selected to include an age range which was likely to wear 
contact lenses or spectacle corrections. Above 70 years of age, the number of people in this 
age category wearing the presbyopic contact lens32 or PALs options are very low in 
Australia.33 In addition, accident statistics indicated that driving safety reduces significantly 
over 70 years of age for a range of reasons2 which may be unrelated to vision. 
The selection criteria were provided to the private optometrists involved in participant 
recruitment and questionnaire mail out. Initially 1,000 questionnaires were distributed by mail-
out from December 2006 to November 2007. Based on the return rate for each group, 350 
additional questionnaires were posted, targeting those participants wearing monovision and 
multifocal contact lens corrections, as the numbers of returned questionnaires from these 
groups were lower than that from the other groups. The mail-out included an information 
package for the study, the survey questionnaire and a pre-paid envelope for return of the 
questionnaire.  
 
 9
Scoring of questionnaires 
Based on the vision correction worn while driving, the responses were categorized 
into five different groups including, a no correction group which was defined as those who 
wore no optical vision correction for driving, bifocal spectacles group, PALs group, 
monovision and a multifocal contact lens group. 
Each question was scored based on a Likert scale of either five or seven points. The 
results were then scaled so that the higher the respondents’ satisfaction with their vision 
correction for the driving-related task, the higher the score, while the lower the satisfaction, 
the lower the score obtained. Because both five point and seven point Likert scales were 
used, the scores were converted into percentages, such that the higher the percentage, the 
higher the satisfaction with the vision correction for the driving related task following the 
algorithm outlined by the National Eye Institute for their Visual Function Questionnaire.34 For 
example, in the five point Likert scale, five points indicates 100% satisfaction, four points 75% 
and so on until one point represents 0% satisfaction. On the seven point Likert scale, seven 
points was regarded as indicating 100% satisfaction, six points 86%, five points 71% and so 
on until one point gives 0% satisfaction. 
 
Analysis 
The normality of the response distributions for each question item was confirmed so  
analysis of variance (ANOVA) and post-hoc multiple comparisons (Tukey or Tamhane T2 
tests) were used for the assessment of significant differences across groups and between day 
and night-time driving conditions. In addition, the difference in overall subjective evaluation 
between day and night conditions was also compared between groups using ANOVAs.  
 
Results 
Response rate and participant characteristics  
Over the 16 months period of the study, 1,350 surveys were mailed and 324 surveys 
returned, representing a 24% response rate. However, only 255 (19% of total responses) 
questionnaires were used for analysis due to a number of invalid returns, such as 
respondents being over the age limit, self-reported ocular disease, incomplete surveys, the 
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same respondent wearing different forms of vision correction for driving, modified monovision 
contact lens wear (wearing single vision contact lens in one eye and multifocal contact lens in 
the fellow eye) and wearers of only single vision corrections (e.g. single vision distance or 
near corrections).  
The mean age of the respondents was 55.1 ± 6.2 years. There was a significant 
difference in mean age between the contact lens wearers and the non-contact lens wearers 
(p<0.05). The bifocal spectacles wearers had the oldest mean age of 57.7 years while the 
youngest group were the multifocal contact lens wearers with a mean age of 52.1 years. This 
is likely to reflect current prescribing patterns for these vision corrections, as younger 
presbyopic people are usually not prescribed bifocal spectacles and older presbyopic people 
are less likely to be wearing contact lenses. In addition, there are a number of ocular and 
physiological changes with age, such as reduction in tear film quality with age,28 which may 
deter older adults wearing contact lenses. As our study was intended to reflect the real 
presbyopic population, this relatively small difference in mean age of the groups was not 
considered to be a major factor. Forty-seven percent (n=118) of the respondents were male 
and 53 percent (n=137) were female.  
There was a significant difference in mean driving experience. The multifocal contact lens 
wearers had the least number of years of driving experience with 30.7 years of driving 
experience, significantly lower than non-contact lens wearers (p<0.05) and monovision was 
significantly lower than PALs only (p<0.001).  In addition, there was a significant different in 
driving distance per week. The bifocal spectacles wearers and multifocal contact lens wearers 
had the shorter driving distance than either no correction or PALs (p<0.05). However, no 
significant difference was found in the percentage of driving during day time amongst the 
different vision correction groups. The summaries of participant characteristics are presented 
in Table1 
 
Scores on each question 
The groups’ mean scores for each question are given in Table 2. The satisfaction 
rating indicates the level of satisfaction for a range of driving-related vision tasks.  
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Distance vision for driving 
There were two questions regarding distance driving vision including clarity of street 
signs and the road ahead. There were no significant between group differences in the 
reported clarity of street signs in the daytime, however, there were significant differences at 
night, F(4, 250)=3.081, p=0.17, where both the bifocal spectacle (p=0.015) and multifocal 
contact lens (p=0.016) groups reported lower levels of satisfaction compared to the PALs 
wearers. Regarding clarity of the road ahead, there were significant differences for both day, 
F(4, 250)=3.379, p=0.01 and night-time conditions, F(4, 250)=3.035, p=0.18, where the 
multifocal contact lens group for day (p=0.002) and monovision contact lens group for night 
(p=0.016) reported poorer vision than the no visual correction group.  
 
Intermediate vision for driving 
There was an overall between group difference for viewing the odometer under day, 
F(4, 250)=5.7, p<0.0001, but not night-time conditions. The no correction group reported 
greater difficulty viewing the odometer under daytime conditions compared to the PALs 
(p=0.018) and monovision contact lens (p=0.016) groups. 
 
Near vision for driving 
Similarly, there was an overall group effect for clarity of reading a street directory 
under both day, F(4, 250)=26.9, p<0.0001, and night-time conditions, F(4, 250)=22.3, 
p<0.0001, with the no correction group, not surprisingly, reporting significantly more difficulty 
compared to all the other presbyopic vision correction groups for both day and night-time 
conditions (p<0.0001) (Figure 1).  
 
Dynamic peripheral vision for driving 
Looking at objects through the side mirror could be related to several visual functions 
such as distance, peripheral or dynamic vision, and was defined as dynamic peripheral vision 
for the purposes of our study. There were significant between group differences during night-
time conditions, F(4, 250)=6.4, p<0.0001, where the multifocal contact lens wearers reported 
lower levels of satisfaction than did the no correction (p<0.0001) and PALs groups (p<0.0001).  
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Clarity of peripheral vision 
Self-reported peripheral blur and distortion differed between groups for both day and 
night-time driving (Figure 2). Peripheral blur was significantly different under day F(4, 
250)=4.5, p=0.002 and night F(4, 250)=4.73 p=0.001 conditions, where the PALs group 
reported more peripheral blur than the no correction group during the day (p=0.009) and night 
(p=0.004). Similarly, the experience of distorted movement of objects while driving was 
significantly different across groups for both day, F(4, 250)=4.9, p=0.001, and night, F(4, 
250)=4.1, p=0.003. The PALs group reported significantly more peripheral distortion than the 
no correction (p=0.001) and multifocal contact lens groups (p=0.044) for day and the no 
correction group (p=0.033) for night-time conditions (Figure 2).  
 
Depth perception for driving 
There were no significant between group differences in judging the distance from a 
car in front and judging gaps and angles during reverse parking, under daytime conditions, 
however, there was a significant difference at night F(4, 250)=2.9, p=0.022. Here the 
multifocal contact lens group expressed more difficulty compared to the no correction group 
(p=0.048).  
 
Motion perception for driving 
There were no between group differences in the items regarding difficulty in judging 
the movement of other cars in a roundabout and in judging a safe gap between cars when 
changing lanes.  
 
Changing focus from near to far and far to near for driving 
There were significant between group differences in their ratings for changing focus 
while driving during both day, F(4, 250)=3.0, p=0.019, and night-time conditions, F(4, 
250)=4.3, p=0.002. The bifocal spectacles group had more problems with changing focus 
compared to the PALs group (p=0.014 for day, p=0.002 for night) and the monovision group 
(p=0.036 for night). There was also a significant between group effect in reporting abrupt 
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changes in image when changing focus under daytime conditions only F(4, 250)=3.1, p=0.016. 
Here the bifocal spectacle group experienced more problems compared to the PALs group 
(p=0.017) and monovision contact lens group (p=0.048).  
Regarding the visual disturbance when operating the radio, there was an overall 
effect of group both during day, F(4, 250)=4.6, p=0.001, and night-time conditions, F(4, 
250)=4.8, p=0.001. Specifically, the bifocal spectacle group reported more visual disturbances 
than the monovision contact lens group during day (p<0.001) and night (p<0.001) and PAL 
group only at night (p=0.023). 
 
Glare and haloes for driving 
The type of presbyopic correction significantly affected self-reported glare during the 
day, F(4, 250)=3.1, p=0.016, and night, F(4, 250)=8.5, p<0.001. The multifocal contact lens 
group rated glare as significantly worse at night-time than the bifocal spectacle group 
(p=0.015), while the multifocal contact lens group noticed more glare than the no correction 
(p=0.002), bifocal spectacle (p<0.001) and PAL (p=0.001) groups. The monovision contact 
lens group also rated glare as worse than the bifocal spectacle group (p=0.002) at night. Both 
the monovision and the multifocal contact lens groups showed a greater decrease in 
satisfaction between day and night conditions compared to each of the other groups (p< 
0.006) (Figure 3). 
Regarding haloes at night, the monovision contact lens group reported less 
satisfaction compared to the no correction (p=0.001) and bifocal spectacle (p=0.027) groups, 
while the multifocal contact lens group showed less satisfaction compared to the no correction 
(p<0.001), bifocal spectacle (p<0.001) and PALs (p<0.001) groups (Figure 4). 
 
Overall satisfaction for driving 
When respondents were asked about their overall satisfaction with their vision 
correction for driving, there was an overall effect of type of correction for both day, F(4, 
250)=3.4, p=0.010, and night-time, F(4, 250)=6.9, p<0.001, conditions. Specifically, the 
bifocal spectacle group were least satisfied with their vision correction compared to the PALs 
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group during the day (p=0.016). The multifocal contact lens group was less satisfied than the 
no correction (p<0.001) and the PALs group (p<0.001) at night (Figure 5). 
Repeated measures ANOVA showed that there was an interaction between time of 
day and correction type in the question of overall satisfaction (F(4, 250)=6.179, p<0.0001). 
Follow-up paired comparisons between day and night for each group revealed that night time 
satisfaction was significantly poorer for all of the correction groups (p<0.0001) compared to 
day time and  the multifocal contact lens group had a significantly greater decrease from day 
to night overall satisfaction than any of the other correction groups (p<0.025).   
 
Discussion  
In this study, we collected data on the self-reported driving difficulties and satisfaction 
levels for day and night-time driving for a range of presbyopic drivers who habitually wore 
bifocal spectacles, progressive spectacles, monovision or multifocal contact lenses and a 
group who did not wear an optical correction for driving. Overall, the mean level of satisfaction 
for daytime driving was quite high for all of the groups (over 80%), with the bifocal spectacle 
wearers being the least satisfied with their vision for driving. Conversely, at night, multifocal 
contact lens wearers expressed least satisfaction and were more likely to be significantly 
troubled by glare or haloes than the other presbyopic groups. In addition, the reduction of 
satisfaction from day to night was greater for both monovision and multifocal contact lens 
wearers relative to the other groups, suggesting that they are more susceptible to visual 
problems under low illumination conditions. 
This study adopted the mail out questionnaire method as this approach offers a high 
degree of anonymity for the respondent and provides greater clarity in asking complicated 
questions, even though mail-out questionnaires also has the disadvantage of possibly 
introducing error or bias from non-response if the response rate is too low.35 The total 
response rate was 19%. Initially, we randomly sent out the questionnaires based on the age 
of patients in the clinical database. We did not select for correction type at this stage. Also, we 
could not know whether each patient was a driver or non-driver. Some respondents may not 
have replied as they were not regular drivers. 
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The response rate could be enhanced using methods such as follow-up reminders 
however that was not feasible for this study. Despite the response rate being relatively low, it 
is comparable with other contact lens related studies. Morgan and Efron32 surveyed eye-care 
professionals during last 10 years regarding contact lens prescribing trends and the response 
rate on average was 12.5%, similarly Yung et al36 also surveyed practitioners in Hong Kong 
and they obtained 22% of response rate. Alreck and Settle37 also mentioned that response 
rate a between 5 and 10% are more common and obtaining more than 30% of response rate 
is rare in mail-out surveys. 
In relation to the characteristics of each group, the multifocal contact lens group were 
statistically younger and so have less driving experience, however it was still more than 30 
years of driving experience, so inexperience in one particular correction type group is unlikely 
to impact on comparisons between corrections with regards to driving performance. The 
bifocal spectacles lens wearers showed that they drove lesser driving distances which may be 
related to their age as the older driver tends to drive less than younger groups.38 Even though 
the contact lens wearers complained about night-time driving, this study did not show that 
they drove less at night than other groups. This fact may reflect the fact that the contact lens 
wearers were younger than all the other groups, so may have been more socially inclined to 
travel after dark, therefore, they may not purposely avoid driving during night-time conditions.  
Because there was no subjective vision test, it is not possible to know for certain 
whether respondents replied to questions based on best corrected vision. This is more of a 
concern for multifocal contact lens wearers as this mode is particularly subject to the variation 
of pupil size by different light condition such as day and night.39-41 Unfortunately, we did not 
ask the date of the last eye examination and their prescription, therefore it is possible that 
some of the respondents may have been wearing out-of-date prescriptions. However, this is 
unlikely for the contact lens wearers as they are required to attend regular aftercares. A study 
revealed that on average 4.4 times of aftercare visit for soft contact lenses was made within 
the first year of fitting or re-fitting,42 and these number of aftercare visit are linked to an eye 
examination and the validity of contact lens prescription by the optometry practitioner. Driver’s 
licensing renewal requires an eye examination in the states from which the respondents lived. 
Licence renewal ranged from a minimum of one year to a maximum of five years for the age 
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range examined.43, 44 A prescription for refractive error is usually regarded as current if it is 
less than 2 years old.45 In theory, the prescriptions of the contact lens wearers should be up-
to-date however, it is possible that possible that some of the spectacle respondents may have 
been wearing out-of-date prescriptions by 3 years, which may result in a near addition that is 
too weak by 0.25 to 0.50 D.46  The data must be interpreted with this limitation in mind. On 
examination of our results, in fact, our respondents did not complain of difficulty with seeing 
distance targets so it is likely that the prescription they had provided acceptable vision for 
them, otherwise they may not wear their prescription when they drive. 
Clarity of the road ahead is critical to maintain a safe distance from other vehicles, to 
search for and avoid potential hazards. Our findings indicate that distance vision tasks were 
not adversely affected by the type of presbyopic vision corrections in the day, however, at 
night both monovision and multifocal contact lens wearers reported less satisfaction with their 
vision, which is in accord with previous findings.22, 47-49 This loss of performance under low 
light conditions is likely to be related to the increased pupil size which produces more 
aberration than in a smaller pupil.50, 51 In addition, the level of optical aberrations produced 
increases with multifocal contact lenses38 and increased pupil size reduces the ability to 
suppress blur from the near eye in monovision.52  
 Participants who did not wear a visual correction for driving had significantly 
more problems than the other groups with the clarity of looking at the odometer (intermediate 
viewing task) and reading a street directory (near viewing task). While this result is not 
unexpected, its relevance will increase as more in-vehicle devices, such as GPS, satellite TV 
or audio systems, are added to the in-vehicle environment, in addition to pre-existing 
dashboards. It is therefore beneficial to maintain appropriate near and intermediate vision as 
well as clear distance vision for driving.53 Indeed, it has been shown that if a driver fails to 
obtain the required information from these devices in less than 1.6 seconds, gaze returns to 
the forward scene and then again at the in-vehicle device in a repetitive cycle until the 
required information is obtained.54 This pattern of looking results in less time looking at on-
road traffic and may therefore increase crash risk. Recently, some car manufacturers have 
applied a holographic/virtual dashboard apparatus which projects visual information onto an 
external space for the driver to view. It has the potential to decrease the need for eye 
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movements and re-focusing (e.g. when looking from the road ahead to the dashboard), but 
may prove to be distracting or obstructive to the view of the traffic ahead.55  
 In a related question, bifocal wearers reported most difficulty in changing focus 
from distance to near. Since looking at the radio usually requires more oblique eye movement 
(side and down as the radio is placed at the centre of the car) than viewing the speedometer, 
the driver’s gaze could be disturbed by the change from the distance to near bifocal segment, 
causing more difficulty. However, the responses to this question may vary dependent on 
whether a car’s radio control is located on the steering wheel, for example, to minimize gaze, 
head and hand movement. Some drivers who responded to the survey also commented they 
were accustomed to finding a radio station by hand without looking directly at the controls and 
so use kinaesthetic cues. 
 Looking through the side mirrors to view other cars or other road users is 
required prior to changing lanes or merging. As the side mirror on the passenger side is 
placed at an angle of approximately 60-70° to the d river’s primary gaze, it typically requires 
the driver to make a combination of head and eye movements to view the mirrors.56 Drivers 
should spend a minimum period of time looking away from their heading direction and need to 
bring their gaze back to view the front traffic conditions, therefore rapid eye and head 
movements are required. Multifocal contact lens wearers reported less clarity for viewing the 
side mirror during night-time conditions which may be due to reduced visual performance 
from optical aberrations induced by the lens design.26 This finding appears at odds with a 
previous study which reported no difference in satisfaction with peripheral vision tasks among 
wearers of different designs of presbyopic contact lenses and monovision contact lenses,57 
however, looking in the side mirrors is likely to combine factors of distance, peripheral and 
dynamic vision and cannot be simply considered to be a peripheral acuity task. 
 In a related question, the PALs group reported more peripheral distortion and 
blur compared to the other groups under both day and night-time conditions. This result is 
likely to be due to PALs’ optical design requiring a gradual power change from the distance 
centre to the near area of the lens which induces unwanted distortion through the lower lens 
periphery.12, 58 Related to this are reports that wearing PALs has an adverse effect on 
individuals who are prone to motion sickness11 which tends to be more problematic for in-
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vehicle situations such as driving.59 The sensation of motion sickness could be triggered by 
wearing PALs due to optical effects from the lens design itself and/or inappropriate dispensing 
of the lens such as different heights between the lenses, a large vertex distance or insufficient 
pantoscopic tilt.60 Therefore, in individuals who are inclined to motion sickness, it would be 
useful, to consider alternative presbyopic vision corrections. 
 Maintaining a safe distance from other cars is critical to safe driving and wearing 
monovision contact lenses has been found to slightly reduce stereoacuity.27, 61, 62 One study 
reported reductions of 42 sec arc17 for monovision compared to spectacle wear and 
reductions of approximately 35 sec arc19 compared to multifocal contact lenses. However, our 
study failed to find that monovision wear affected respondents’ subjective evaluations of 
judging distance during driving, suggesting that the stereoacuity loss due to monovision may 
not be a significant issue in real life conditions.22 Monocular and other depth cues are likely to 
assist in making depth judgements under normal driving conditions. The result of this finding 
is also consistent with a driving study conducted under closed-road driving circuit conditions 
by Wood et al,63 who reported that there was no difference in driving performance with 
monovision compared to habitual vision correction. The results of a retrospective study of the 
crash history of a 1,000 drivers are also consistent with this finding, where no relationship was 
found between crash risk and stereoacuity.64  
 Disability glare impacts on driving performance through slowed driving speeds in 
order to detect objects65 and increased risk of night-time accidents.66 This may be an 
important factor for the safety of older drivers as the prevalence of glare problems increases 
with age.67, 68 In particular, our results suggest that wearers of multifocal contact lenses 
experience the most problems with glare and haloes. This probably results from the increased 
pupil size at night interacting with the relative optical contribution from the distance to near 
portions of multifocal contact lens designs.69 Interestingly, the monovision contact lens group 
were less affected than the multifocal contact lens wearers by glare, which is similar to the 
findings of Back et al.30  
When respondents rated their overall satisfaction with their vision correction for 
driving, all of the groups reported high levels of satisfaction during the day-time conditions, 
with the multifocal contact lens group reporting lower overall satisfaction during night-time 
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driving and showing a greater reduction of satisfaction from day to night-time conditions than 
the other groups. These differences may result from the optical design of the lenses and the 
larger pupil size at night. But in addition, corneal oedema, diminished tear quality and lens 
surface deposits are typically worse later in the day (at night) and can result in increased light 
scattering and increased glare sensitivity at night.70 Multifocal contact lenses may therefore 
not be the best choice for individuals who drive for long periods (for example, long distance 
truck drivers). 
An important limitation of this study is that the responses are based upon self-report 
which may or may not reflect actual driving performance. Therefore, further studies are 
required to compare presbyopic correction types in a within-subject experimental design using 
objective assessments of driving performance in both laboratory and real-world driving tasks. 
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Conclusion 
While there were relative strengths and weakness of each presbyopic correction for 
the different driving tasks, overall satisfaction was similar under day-time conditions with little 
systematic difference between spectacle or contact lens corrections. However under night-
time conditions, the presbyopic contact lens wearers reported lower satisfaction scores, 
particularly the multifocal contact lens wearing group. Eyecare practitioners should be aware 
of these differences and the need to select the correction types that match the driving needs 
of their patients.  
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Figures Legend  
 
Figure 1. Clarity of looking at street directory - near vision task. A higher score 
indicates better clarity. Triangles indicate scores during day-time driving and circles 
indicate scores during night-time driving. Results are group mean score ± SE. 
 
Figure 2. Distortion of peripheral vision (mean score ± SE) 
A higher score indicates less perception of distortion. Triangles indicate scores during 
day-time driving and circles indicate scores during night-time driving.  
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Figure 3. Disturbance from glare (mean score ± SE) 
A higher score indicates less disturbance of glare. Triangles indicate scores during 
day-time driving and circles indicate scores during night-time driving.  
 
Figure 4. Disturbance from haloes at night (mean score ± SE) 
 27
A higher score indicates less disturbance from haloes. Circles indicate scores during 
night-time driving.  
 
Figure 5. Overall satisfaction of vision correction for driving (mean score ± SE) 
A higher score indicates better satisfaction. Triangles indicate scores during day-time 
driving and circles indicate scores during night-time driving.  
 
 
 
